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Abstract 

The reaction pp — ► ppui was investigated with the TOF spectrometer, which is an ex- 
ternal experiment at the accelerator COSY (Forschungszentrum Julich, Germany). 
Total as well as differential cross sections were determined at an excess energy of 
93 MeV (pbeam = 2950 MeV/c). Using the total cross section of (9.0±0.7±1.1) \xb for 
the reaction pp — > ppoj determined here and existing data for the reaction pp — > pp<p, 
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the ratio H^/^ = o^ju^ turns out to be significantly larger than expected by the 
Okubo-Zweig-Iizuka (OZI) rule. The uncertainty of this ratio is considerably smaller 
than in previous determinations. The differential distributions show that the lu pro- 
duction is still dominated by S-wave production at this excess energy, however higher 
partial waves clearly contribute. A comparison of the measured angular distribu- 
tions for lu production to published distributions for production at 83 MeV shows 
that the data are consistent with an identical production mechanism for both vector 
mesons. 

Key words: vector meson production, pp — > ppLU, cross sections, angular 
distributions, OZI- violation, strangeness of the nucleon 
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Introduction 



Near-threshold production of the isoscalar vector mesons, lu and 0, in proton- 
proton interactions remained largely unstudied until the late 1990s. Then, first 
experimental data for the ^-production directly at threshold [1] and for both 
mesons at moderate excess energies (e < 320 MeV) became available [2,3]. In 
parallel, a considerable interest from theory arose [4-9], addressing the ques- 
tion of reaction dynamics, of possible proton- vector meson resonances, and of 
in-medium effects of vector meson properties. Another important question is 
a possible ss content of the nucleon wave function, which may be determined 
through the ratio of the total cross sections of a; and mesons in proton-proton 
collisions at identical excess energies (IZ^/u = o- pp ^ pp ^/ a pp ^ ppuJ ) . This comes 
about since the flavor eigenstates (loq,los) of the vector nonet are arranged in 
such a way that the mass eigenstates (0, a;) form a quasi-ideally decoupled 
system (|0) = \s~s~), \lu) = \uu) + \dd)), where the small deviation of 3.7° [10] 
from the "ideal mixing angle" of 35.3° yields the \uu) + \dd) admixture to the 
wave function. According to the Okubo-Zweig-Iizuka (OZI) rule [11] pro- 
cesses involving disconnected quark lines are strongly suppressed, so that the 
production of mesons can take place only via the small admixture of non- 
strange quarks. Based on the deviation from the "ideal mixing angle" Lipkin 
[12] predicted the ratio of the production cross sections of to lu mesons to 
be IZozi — 4.2 x 10~ 3 . However, TZozi is exceeded experimentally in many in- 
dependent determinations. This fact is often denoted as "violation of the OZI 
rule". Using data from proton-proton interactions [1-3,13] TZ^/u, ~8x TZozi 
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is found at excess energies e < 100 MeV, where the combined uncertainties 
calculated from the statistical and systematic errors range from about 30% 
to more than 50%. In contrast to the data close to threshold, at high excess 
energies (e > 1 GeV) only (1 — 2.4) x 1Z zi is found [14-16]. In pp annihilation 
the enhancement depends on the momentum transfer and can be as large as a 
factor of 260 [17], while in irN interactions a 4>/uo enhancement of (3.2 ± 0.8) 
was extracted [18]. 

From the theoretical side, the issue of "hidden strangeness" is controversially 
discussed, and some theoretical approaches introducing "off-shell" mesons [7] , 
higher order rescattering processes, and double-hairpin diagrams [19] succeed 
in describing a moderate enhancement of TZ^/u, over IZozi- In addition, the 
initial-state-interaction could potentially influence the cross section ratio IZ^/u, 
since - due to the mass difference of — = 237 Me V - different energies 
in the initial state are needed in order to reach the same excess energy in both 
exit channels [20]. 

It must be emphasized that a meaningful comparison of total cross sections 
of to uj production in view of "OZI-violation" necessarily requires the same 
production processes for both vector mesons. Therefore, prior to final conclu- 
sions from measured TZ^/^ values, differential cross sections of both mesons 
have to be measured. For proton-proton interactions no differential data exist 
below e = 173 MeV for u production, while for the the only differential 
data available are at an excess energy e = 83 MeV [3] and at e = 18.5 MeV 
[13]. For the lower excess energy, the <fi production is found to be described 
by pure S-wave, with a sizable contribution from final-state interaction in the 
pp-system [13]. At e = 83 MeV, the DISTO experiment has found that higher 
angular momenta contribute significantly. This paper will report differential 
cross sections for the reaction pp ppu at e = 93 MeV, i.e. only 10 MeV 
above the DISTO measurement. Since the involved matrix elements can be 
assumed to be nearly constant within this small range of excess energy, a 
direct comparison of the uj to the differential distributions is now possible. 



Experimental Methods and Results 

The Time-Of-Flight spectrometer TOF [21] is an external experiment at the 
COoler SYnchrotron COSY (Jiilich). The proton beam hits a 4 mm thick liq- 
uid hydrogen target and the emerging reaction products traverse a layered 
time-of-flight start and tracking detector. After a flight path of 3 m through 
vacuum the ejectiles are detected in the highly granulated stop components of 
the spectrometer. From time and position measurements the velocity vectors 
of all charged particles are determined with a time-of-flight resolution of bet- 
ter than &tof = 300 ps and angular track-resolution of better than a < = 0.3°. 
Due to the low mass area density of all detector components, the influence of 
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small angle scattering and energy loss is almost negligible for particles with 
(5 > 0.5. Only particles in this velocity range are produced in the reaction 
under study. 

Unlike magnetic spectrometers, which provide particle identification by of- 
ten paying the cost of limited acceptance, the TOF detector covers the full 
kinematical range (0° < < 360°, 3° < § < 60°) of most reactions and mea- 
sures the velocity vectors of all charged particles. Different reaction channels 
(e.g., pp — > pp,dii + ,pK + A,pK + T l ) can be identified unambiguously by ex- 
amination of their event topology. For this, mass hypotheses are applied to 
the measured velocity vectors in order to calculate the four-momenta of the 
tracks. From these, a missing mass spectrum can be constructed. Since the 
momentum calculation diverges as /3 — > 1, only tracks with velocities below 
j3 ~ 0.9 can be used in order to determine meaningful missing mass values. 
In the case of pp — > ppu,u — > 7r + 7r~7r° the fact is exploited that protons and 
charged pions populate disjoint kinematical regions in the (5 vs. Qlab plane 
[22]. This is shown in Fig. 1 in the left frame for Monte Carlo data. While 
protons are restricted to forward angles and moderate velocities, the pions 
cluster at (5 > 0.9 over the full angular range. 

In a first step of the analysis, only four-prong events with two entries inside 
(— > protons) and two hits outside (— > pions) of the selection box indicated 
in Fig. 1 are treated as pp — > ppu candidates. Using Monte Carlo simulations 
the assignment of protons and pions to the respective tracks is found to be 
correct for over 99.5% of all events. In the experiment, however, the u signal 
will be hidden in a huge background of resonant and non-resonant multi-pion 
production (pp — > ppX,X = 7r + 7r~, 7r + 7r~7r , n — > 7r + 7r~7r°). In these cases 
the minimum invariant mass of the pion systems is smaller than the u mass 
(mx < Tn u ), hence the ejectiles are kinematically less restricted and the pro- 
ton velocities are more elevated. This can be seen in the middle frame of 
Fig. 1, where simulated pp — > ppn + n~ data is shown. A similar picture holds 
for the channel pp — > ppn,n — > 7r + 7r~7r°. In multi-pion production pions can 
be mistaken as protons if they are found inside the selection box, and vice 
versa. In addition, the higher velocities of the "identified protons" consider- 
ably decrease the missing mass resolution. The misinterpretation and the high 
velocities lead to an incorrect missing mass which gives rise to a structureless 
and continuous background in the missing mass distribution. The two- and 
three-pion channels dominate the four-prong events as can be seen in the right 
frame of Fig. 1, where experimental data is shown. No indication of an u signal 
can be seen, as it is swamped by the other reactions. 

In the second step of the analysis, the two-pion part of the background can 
be reduced by selecting the cu-decay into three pions (7r + 7r~7r°, BIZ = 0.89). 
Here, the plane defined by the two charged pions will, in general, not contain 
the pp missing momentum vector (= uj momentum vector) due to the mo- 
mentum of the undetected 7r°. Applying an acoplanarity cut of a = Z((~p? 7Ti x 
p^rj, (J? ni x > 5° suppresses 90% of two-pion background, while only 

17% of the uj events are lost according to MC studies. The value a = 5° 
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Fig. 1. Left Frame: Monte Carlo distribution of protons and charged pions of the 
reaction pp — ► ppu>, to — > 7r + 7r _ 7r° shown in a (3 vs. 6 plot. Protons and pions can 
clearly be separated, as the protons are restricted to the (3 vs. 9 region indicated by 
the selection box. The vertical lines show the limits of optimum acceptance of the 
detector. Center frame: Monte Carlo distribution for pp — ► ppir + ir~ . The protons 
are less restricted kinematically, which leads to a less accurate determination of the 
missing mass. Right Frame: Experimental data; totally dominated by the background. 

was determined by optimizing the signal-to-background ratio for experimen- 
tal data. Varying a in the range of 1 to 10 degrees leaves the total cross section 
constant within ±2.1%. 

Finally, only events with the combined momentum of the protons pointing 
into the backward hemisphere of the CMS are considered. In this case the 
protons have smaller velocities in the laboratory frame, which improves mo- 
mentum resolution. Apart from reducing the number of events by about 30%, 
this restriction does not lead to any loss of phase space coverage due to the 
symmetric entrance channel. 

Fig. 2 shows the missing mass distribution which is obtained from the two 
identified protons. A peak at the u mass can be seen above a smooth multi- 
pion background. At high masses the shape of the missing-mass spectrum is 
governed by phase-space, while towards lower masses the cuts described above 
lead to a continuous reduction. The total number of counts in the u signal 
is obtained by a simultaneous fit of a second order polynomial and a Voigt 
function (convolution of a Gaussian with a Breit-Wigner function). The width 
of the Breit-Wigner distribution is fixed to the natural width of the w-meson 
(r = 8.49 Me V) [23], while all other parameters are allowed to vary freely. 
The width of the resulting Gaussian (er = (7.7 ± 0.9) MeV) reflects the de- 
tector resolution and is in good agreement with the Monte-Carlo simulation 
(er = 6.7 MeV). The fit yields a total number of 2320 counts and a statistical 
uncertainty of ±7.7%. Using the error of the fit as a measure for the statisti- 
cal uncertainty is conservative, since it incorporates the combined statistical 
fluctuations of signal and background. 

The detector acceptance is corrected using Monte-Carlo methods. Due to the 
large phase-space coverage of the detector, it is quite high (on average 40%) for 
the considered reaction and varies smoothly over the full kinematical range. 



Fig. 2. Missing mass spectrum cal- 
culated from both proton tracks af- 
ter applying the cuts described in 
the text. The uj signal is clearly 
seen above a smooth multi-pion 
background. The signal is fitted 
with a Voigt function, whose in- 
tegral represents the total number 
of counts. After acceptance cor- 
rection and absolute normalization 
the total cross section results to 
(9.0 ± 0.7 ± 1.1) nb. 

The event generator used produces a three-body phase-space distribution (5 
DOF), where the width of the uj meson and the Zemach prescription of the 
uj decay is included (J p = 1~) [24]. Differential distributions and interme- 
diate resonant states can be accounted for, however they have been omitted 
since the final state is found to be mainly isotropic. The produced particles are 
propagated through a full representation of the detector, including energy loss, 
hadronic interaction, secondary particles, signal generation and final digitized 
output. The Monte Carlo output is then subjected to the very same analy- 
sis routines (including the cut settings) as the measured data, hence possible 
software inefficiencies are also accounted for. The total systematic uncertainty 
of the fitting process and the acceptance correction is determined by varying 
the fit ranges and the values of the above mentioned cuts within reasonable 
limits, from which a systematic uncertainty of 11.6% was deduced. This value 
also includes the influence of the background shape, since the variation of the 
fit ranges leads to a change of the background polynomial from a convex shape 
(wide background interval) to almost a straight line (narrow background in- 
terval) . 

The absolute normalization is accomplished at TOF by evaluating elastic scat- 
tering, which is simultaneously measured during the experiment. The obtained 
angular distribution is compared to literature data [25], where the normaliza- 
tion factor directly yields the luminosity of (1.45 ± 0.06)/n6. The uncertainty 
of this procedure (3.8%) is in equal parts due to the intrinsic uncertainty of 
our measurement and the error of the literature data. 

After acceptance correction and absolute normalization a total cross sec- 
tion of (9.0 ± 0.7 ± 1.1) /ib is obtained. It is in agreement with our result 
of (7.5 ± 1.5 ± 1.9) \ib published in Ref. [2], however with improved accuracy. 

In order to extract differential cross sections, the spectrum in Fig. 2 is created 
for consecutive bins of the quantity under study. Each missing mass distribu- 
tion is then individually fitted, integrated, and corrected for acceptance. The 
reduced number of entries for each bin leads to an elevated uncertainty of 
the fitting process, as the influence of the statistical fluctuations of the back- 
ground becomes more important. In addition, the shape of the background 
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Fig. 3. Differential data of this experiment for pp — > ppu (open circles), compared 
to data of DISTO for pp — ► pp<p [3], if available (full squares). The error bars of the 
TOF data show the uncertainty of the fit, reflecting the statistical errors of signal 
and background. The DISTO data are scaled by the cross section ratio TZ^/^ = 47.4. 
The variables are named in accordance with [3j. Upper Left: differential cross section 
as function of cos@^, M , i.e. cosine of the polar angle of the protons in the overall 
CMS. Upper Right: angular distribution of the meson in the overall CMS. Lower 
Left: symmetrized differential cross section as function of the angle of the meson 
with respect to the protons, measured in the final state pp rest-frame (helicity angle). 
Lower Right: symmetrized differential cross section as function of the angle of the 
reaction protons with respect to the incident protons, measured in the final state pp 
rest- frame (Jackson angle). 

changes along with the observable under study which introduces additional 
uncertainties. To minimize these effects, the widths of the Gaussians are fixed 
to the individual values obtained in the corresponding Monte-Carlo simula- 
tion. While in most cases the fits yield uncertainties of about 18%, for some 
particular bins the error can reach 40%. Fig. 3 shows the resulting angular 
distributions. In the upper left frame the angular distribution of the individ- 
ual protons in the overall CMS is plotted, while in the upper right frame the 
meson distribution in the overall CMS is shown. In the lower part we find the 
distributions of the helicity angle (left frame) and of the Jackson angle (right 
frame) 1 . 

1 We are using the Gottfried-Jackson frame [26] with the two reaction protons 
residing in their common rest frame. Following the conventions in Ref. [27,28], the 
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The DISTO collaboration published differential distributions of various vari- 
ables for the reaction pp — > pp<p at e = 83 MeV [3]. Three of these distributions 
are plotted in the corresponding frames in Fig. 3. In order to facilitate a direct 
comparison of uo and production the DISTO data are scaled by the cross 
section ratio (cr u /a^ = 47.4). The u> and (j> distributions are in general agree- 
ment with each other, which can be seen in the results of a Legendre fit using 
the first two even coefficients (Tab. 1). 

Several consistency checks can be made as stringent quality tests of the four 
differential distributions presented here. Firstly, the background parameters 
vary smoothly and continously over the full angular range in all differential 
distributions. Secondly, the integration of each differential distribution shown 
must result in the total cross section. Using = 4tt ■ a® and the values given 
in Tab. 1 this is indeed the case for all distributions within 5%. Finally, one 
can check the reflection symmetry of the exit channel, which follows from the 
symmetric entrance channel. This is shown in Fig. 3 in the upper left frame, 
where the unsymmetrized angular distribution of the individual protons in the 
overall CMS is plotted. It is indeed symmetric about cosO = (a fit includ- 
ing also the first odd Legendre polynomial yields a = (0.72 ± 0.04) /ib/sr, 
ax = (0.02±0.07) pb/sr, and a 2 = (-0.12±0.09) pb/sr). In addition, this dis- 
tribution shows that the acceptance correction is well under control, since its 
influence is high in this particular case: Due to the requirement to accept only 
events with the combined pp-momentum pointing into the backward CMS 
hemisphere (cos8 pp < 0) the probability of single protons to emerge with 
cos9 p > is reduced (the acceptance drops from > 60% at cos9 p ps — 1 to 
7.2% at cos9p ks 1). For all other differential observables shown in Fig. 3 the 
acceptance is constant within ±20 %. 



Discussion 



Total Cross Sections 

Assuming absolute OZI suppression of processes with disconnected quark lines 
and identical production mechanisms for u and <fi mesons, the deviation of the 
cross section ratio IZ^/u from IZqzi is a measure for the strangeness content 



momenta of the reaction pp — > ppuj are labeled as J? a l?b ~^ ~P*2~P*3 hence the 
rest-frame under consideration (reaction protons) is the {2,3} sub-system. While in 
a "normal" CM or LAB system ~J? a + J? b = p > 1 + j? 2 + holds, in the GJ-frame 
we have Jf 2 + 1^3 = ~P^a + ~P*b ~ = 0- in this Lorentz frame the helicity angle is 
denned as <(J? 3 , ~p*i), while the Jackson angle is defined as <(p > 3, p*b). 
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in the nucleoli: 



n H „ = Gpp ^ pp,t> = c x tan 2 (A0 V ) = c x 4.2 • 1(T 3 = c x H OZ i, (1) 



where c parametrizes the strength of the OZI-violation and A8y = 3.7° is the 
deviation from the ideal mixing angle. In addition to eq. (1), Lipkin predicted 
that the ratio of the (ppir and upn coupling constants (g 2 pn /g 2 p7T ) should also 
yield tan 2 (A9 v ) = TZozi [12]. From experimental data a ratio is deduced 
which exceeds this prediction by a factor of three [29], i.e. the (g^/g 2 ^) 
ratio itself violates the OZI-rule. This fact implies, however, that theoretical 
models with the dominant production mechanism for pp — > pp<p and pp — > ppuj 
given by these coupling constants consequently succeed in a description of 
Hq/u ~ 3 x IZozi- Therefore, only enhancement factors significantly larger 
than c = 3 will add new "exotic" ingredients to the OZI-puzzle. 

Recently, ANKE measured a pp ^ pp ^ at an excess energy of 75.9 MeV [13]. The 
experimental value for the total cross section is o pp ^ m ^ = (188.0 ± 19.1 ± 
41.4) nb, where the experimental uncertainty is roughly a factor of 2 smaller 
than in Ref. [3]. The overall uncertainty of <y pp ^ ppu) presented here is only about 
half of the value published in Ref. [2], so that IZ^/u can now be calculated with 
a smaller uncertainty. For a comparison of the total cross sections we have to 
account for the difference in excess energy (e = 93 MeV — > e = 75.9 MeV). 
For this extrapolation we use the parameterization of Sibirtsev [30], which 
describes the world data remarkably well from e > 1 GeV down to the TOF 
energy region: 



Here, s = (2m p +m w + e) 2 is the squared invariant mass of the total system and 
So = (2m p +m w ) 2 is the threshold value. The parameters b and c are taken from 
Ref. [30] (b = 2.3, c = 2.4). The parameter a = 5.3fj,b is fixed to reproduce 
our measured cross section at e = 93 MeV. Then, eq. (2) yields a total cross 
section of 6.0 pib at e = 75.9 MeV, which leads to the experimental value 
Tl^/ui = (31±8)xl0~ 3 , or (7.5±2.1) xlZozi- Considering the uncertainty, which 
is dominated by the cross section, the enhancement factor is neither unity 
("naive OZI") nor does it agree with g^, p7T /g 2 p n ~ 3 x IZozi- This experimental 
finding is also supported by measurements at smaller excess energies. Using 
the data of Ref. [13] for and of Ref. [1] for a wi one finds an enhancement 
factor of 10.1 and 7.7 for e = 34.5 MeV and e = 18.5 MeV, respectively, 
both with an uncertainty of roughly 30%. This leads to the conclusion that 
T^4>/w is considerably larger than IZozi starting from near the threshold up to 
e pa 100 MeV. On the other hand, at excess energies larger than 1 GeV only 
7Z(f>/u> ~ (l — 2.4) x IZqzi is found. Whether the enhancement of TZ^/^ over 



cr, 




(2) 
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TOF DISTOx47.4 



i ti H pnpn H pnt \tsw\ a nip 

llHJ.CJJCllU.Cllt V Cll IcXUlC 




n o \ i ih / qt 


n r\ i in 1 <+t 

LiQ lfJ>U/ O I J 


n n 1 in 1 QT 

u>2 [h 1 u / & ' J 


proton CMS angle 
meson CMS angle 
helicity angle 
Jackson angle 


0.71 ±0.03 
0.68 ± 0.04 
0.73 ± 0.03 
0.75 ±0.03 


-0.13 ±0.08 
-0.01 ±0.12 
0.42 ± 0.07 
-0.09 ± 0.07 


0.72 ± 0.03 
0.71 ±0.05 
0.71 ±0.03 


0.06 ± 0.06 
0.26 ±0.12 
-0.04 ±0.07 



Table 1 

Results of a Legendre fit to the data of TOF and DISTO presented in Fig. 3 (upper 
left to lower right). Only the coefficients oq and a<i are considered. (The DISTO 
data are scaled by the cross section ratio of a^/a^ = 47 A in order to facilitate a 
direct comparison.) 



IZozi near threshold is a sign for "hidden strangeness" in the nucleon, or due 
to the initial- or final-state-interaction, or a dynamical effect hidden in the 
production processes, or even an indication for a cryptoexotic resonance in 
the p<f> system as suggested in Ref. [29] - all this is far from clarification. 

Differential Cross Sections 

The three-body final state (ppu) can be described using two angular momenta: 
(1) the orbital angular momentum of the two protons relative to each other 
(Zi), and (2) the orbital momentum of the u relative to the proton-proton 
system (Z2). At threshold, both angular momenta have to be zero (Zi = I2 — 0), 
and due to parity and angular momentum conservation, the entrance channel 
will be a 3 P± state. This has been verified experimentally in Ref. [13] for the 
reaction pp — > pp<p at e = 18.5 MeV. 

At e PS 90 MeV the angular distribution of the vector mesons in the overall 
CMS (upper-right frame of Fig. 3) is isotropic within the experimental un- 
certainty. An isotropic distribution is a necessary condition for the angular 
momentum l 2 between the pp-system and the (p/u meson to be zero. From 
the consistency with an isotropic distribution alone, however, it cannot be 
concluded that the angular momentum l 2 between the pp-system and the <p/uj 
meson must be zero, since cancellation effects of higher partial waves may 
also result in an isotropic distribution. It should be mentioned that l 2 = is 
somewhat surprising since the maximum momentum of the vector meson in 
the CMS is p* max ~ 330 MeV / c, hence contributions from higher partial waves 
should be possible. If, however, Z2 = holds, only J p = | nucleon resonances 
can contribute to 00 production via pp pN*, N* — > pur. 
In contrast to this isotropic distribution, the angular distribution of the 
shows a significant anisotropy when measured in the final state proton-proton 
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rest frame (helicity angle, lower- left frame of Fig. 3). Within uncertainty, the 
same is found for uj production, as can be seen in Tab. 1 where the numerical 
values of the Legendre fits are summarized. A non-isotropic angular distribu- 
tion is only possible if partial waves higher than S-waves contribute. DISTO 
computes \M w \ 2 /(\M m \ 2 + |Mi | 2 ) = 0.28 ± 0.07 for the ratio of the matrix 
elements with l\ — 1, li — and l\ — l 2 — [3], however, without explicitly 
ruling out higher partial wave contributions 2 . Since the a 2 /ao ratio of both 
reactions is comparable within uncertainties, one can assume a similar value 
for the ratio of the matrix elements governing uj production. Hence, the vector 
meson production at e m 90 MeV still mainly proceeds through l± = 0, l 2 = 0, 
however, in this energy region we see the onset of higher angular momenta. 
As a consequence, the initial partial wave is no longer necessarily 3 Pi as at 
threshold. 

The last frame (lower-right in Fig. 3) shows the distribution of the Jackson an- 
gle, i.e. the angular distribution of the incident protons measured in the final 
state proton-proton reference frame (see footnote on page 7). While the DISTO 
distribution for the is isotropic, the uj distribution shows some additional 
structure. In fact, a fit with the first three even Legendre polynomials yields 
a = (0.73 ± 0.04)//6/sr, a 2 = (-0.22 ± 0.15)nb/sr, a 4 = (-0.39 ± 0.20)/j,b/sr 
which are only poorly compatible with isotropy. However, considering the 
statistical and systematical uncertainties described above, an isotropic distri- 
bution cannot be ruled out by our data. 

The angular distributions presented here for the uj production in proton-proton 
collisions agree in shape with those for <fi production. Thus, regarding OZI- 
violation, the assumption of similar production mechanisms for both mesons 
is valid, at least for this excess energy. However, it must be emphasized that 
the data by no means prove identical dynamics for both systems. For example, 
in the meson exchange model of Nakayama and Tsushima [6] the individual 
contributions of mesonic, nucleonic, and resonant currents lead to different 
angular distributions; and different "cocktails" of these currents may never- 
theless result in compatible angular distributions. 

The different theoretical models describing vector meson production should 
be confronted with the data presented here. This, although the data basis is 
still far from complete, may help to establish the reaction mechanism(s) of 
vector meson production. 



2 Note that according to chapter 4.1.1. of Ref. [31] any non-isotropic distribution 
of the helicity angle requires l\ > and l 2 > 0. 
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Summary 



The cross sections presented in this paper extend and improve the experi- 
mental data base for the reaction pp — > ppu at e = 93MeV. This results in 
an improved value of IZ^/u,, which now is not only significantly larger than 
the naive OZI value but also exceeds the more sophisticated predictions made 
by several theoretical approaches. The results of the comparison of all three 
angular distributions for and u production are consistent with an identi- 
cal production mechanism for both vector mesons. This means that for the 
"OZI-violation" the main assumption of identical reaction processes is not 
disproved. 

The angular distributions indicate the dominance of S- waves in the production 
mechanism. However, the differential cross section as function of the helicity 
angle clearly shows the onset of higher partial waves in both ui and (f> produc- 
tion. Therefore, future experiments addressing the question of the reaction 
mechanism should concentrate on collecting data at excess energies around, 
and above, 100 MeV. In addition, the measurement of polarization observ- 
ables is desired as it would help to develop a clearer picture of the reaction 
dynamics of u and <f> production in proton-proton collisions. 
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